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SECTION 1

INTRODUCTION f

kisaile IF and Sycamore Static Test Stand S-1 were destroyed by fire and a -

series of explosions that criginated i--n the thrust section during T est,1
~ The scheduled engine firing durations were 40

seconds boosters, 60 seconds sustainer. and 65 seconds verniers. Actual
durations were 1.77 seconds booster No. 1. 5'.4 seconds boosterNo. 2-, 1.23
seconds sustainer, and zero sezcnds for the vernter engines.

-The incident was investigated,,by an'Accident Investigation Board composed of
members from the-USAF, Generali Dynamids/Astronautices, llocketdyne,, Space
Technology Laboratories, and1 Acoustica Associae. The cause and effects of
the explosion were determinedg and remedial action for subsequent missiles
was established.

At the time of issuance of the Missile lF'lii'uestigation Report (AC-62-0031)
several investigative efforts initiated -by Genelra!_Dyn sAtoatc n

-Rocketdyne were not complseted. It is; the purpose of t-his,supplement to present
the findings of these investilgations.f\,

The -areas under inves-4iga-tion by General Dbynamics/Astwronautics were as-follows:

1. The effects of sus4ta-_nsr engine gimballing and inertial loasding on
internal pump clea-rances with the GD/A lox pump inlet "Y" duct
attached to the pump housing. This Investigation was initiated by
the failure of Missile lEa'. launch on 9 April- 1962 and wi.s expanded

following the Missile !F explosion. The results of these investi-
gations are sumrnarized in Attachment i

2. The sustainer engine head suppression valve opening delay variations
observed in data recorded at the various "lest facilities and the
differences in the delay between Rocketdyre data and GD/A data. The
results of these investigationi are presented in Attachment 2.

3. Tests were initiated by GD/A to investigate the damage to the sus-
tainer engine lox pump inlet Raco seal from Missile 11F. Missile HIF
was unsuccessfully launched on 9 April 1962, The results of these
tests are presented in Attachment 3 si.nce the failures of Missiles
IF and 11F were similar in that a sualvainer lox pump explosion
occurred in each case.

Investigations conducted by Rocketdyne covered many areas. The published
report of the results of their investigation is Investikation of Failure of
Atlas Missile IF During Static Test (Rocketdyne Report No. R-3705) dated 31
August 1962.

?" SMA ERILCOTAINS 93 A IN ArrECTINO THlE NATIONAL DEFENSE Of THE UNITED 'STATES WITHIN T 4C MEANIN .Or THE ESPIONAGE LAWS. TITLE
1,U.S.C., SCIN79AD74,THE TRANSMISSION Opt REVELATION or WHICH IN ANY MANNER TO AN UNAUTHORIZED PERSON IT PROHIBITED BY LAW.
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SECTION 2

SUMMRY 4

Thechrnolgacl oderof ignficnteTenta follows using the booster engine

start signal as zero time. Booster igniStion. start was normal. h utie
ignition start signal was properly generated at 0,55 seconds, igniting the
suitainer solid propellant charge and energizing a solenoid valve in the hy-

draulic manifold which applied opening preisure to the sustainer lox head1

movement at 0.67 seconds which was 120 milliaieconds (US) delay from the sus-
tamner ignition start signal. The HS valvee apenid to an apparent 8 degree
position by 0070 seconds. Probably the 7alvs didn't open at all - the 6 degrees
could result from shaft to.-aion and Flack in the valve linkage. The HS valve
remained at the apparent 8 degrees position until 1.02 seconds (470 MS delay)
when it started to-move towards the open positi.?on. Rocketdyne found that delays
over 430 MS will alwa~ys cause the lax purap impeller to rub on the pump case *
wear ring or diverter li~The aus!zainer Io= pump had acoelerated to itsj
maximum spin charge speed by -he time the HS valvye started to open (after the
470 MS delay). The opening of the aS valve allowed lox to start flowing, and
with-the pump at this high speed, an excessivTe pressure imbalance in the lox
pump volute resulted. The pressure imbalance on the lox impeller caused rubbing
-between the leading edge of the i=pellei and the diverter lip. at a point just
upstream radially from the discharge leg (when viewed from the inlet duct of
the lox pump). Duri ng this period the sustainer thrust chamber ignition
sequence was continuing irith hypErgol ignition and propellant utilizati on (PU)
valve movement.

The rubbing of the aluminum impneller and cadmiu,2 plated steel diverter lip
caused self Jignitioh of sne or both of theae pump parts (both were found
burned). Initial i-ndiaat-_on of thiz burning was probably a surge in the
sustainer lox pump inlet pressure starting at 1.29 seconds. The surge peaked
at about 80 psig, dropped t-1o 60 psig, then wentw off scale high (over 200 psig)
at about 1.34 seconds when 'he sustainer lox pamp was blown apart. The HiS
valve--had opened to 450 by the time of 'he exploasn (determined by examination
of valve). Lox pump speed was B8,2OO 11PM.

The explosion and fire caused engine sompartment tsmpsratures to rise. By
1.75 seco -nds the engine coDmpartment ambiesnt tampsiature had increased to the
redline value of 2500F. The high' tempeza-t.ure autk'omatically initiated engine
cutoff at 1.77 seconds, shuitting down the sustainer and booster No, I engines,
The electrical contzol wires to the booster No. 2 en~gfna were severed, and it
continued to run until the first large thruat asction explosion at 5.4 seconds.
The fuel tank was apparently ruptured, and intermediate bulkhead failure
probably occurred during this period. At 6o3 2econds the final large explosion
completed the destructi on of the mftasils, service tower, and considerable
ground equipment. No personnel were injured.

Most of the missile hardwnre -was recovered and examined. Investigations wereI subsequently conducted at Rochetdyne and Genez-a! Dynamics/Astronautics (GD/A)
and are repozted in the attachments. GD/A iound that even extreme iuterface

THIS ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 MTRACOTISIFRAINATETN #C NATIONAL OCACTIIE or THE UNITED STATES WITHN NH MEHANING Or T14C ESPIONAGE LAWS, TITLE18, U.S.C., SECCTIONS 793 AND 794, THC TRANON ISSION OR REVELATION Or WHICH IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.
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loads at the suatainer lox pump inlet flange could not deflect the pump housing
enough to Cause impeller rubbing (0,0031 inch inducer inlet housi-ng deflection
where the smalleat impeller c-learance on the 1F lox pump impeller was approxi-
mately 0.018 inch). (See Atta-chmenz 0)

GD/A tested the HS vTalves c! Sever al Missiles to determine representative delay
t imea from the susiaiaez engine ign~tion start signal to the first indicated
movement of the IIS valve. The: HS -valve on Missile 75F was tested first. The
valve delay time was abou't 76 IMS. Additional valva delay -testing appeared
desirable, and 2 weeks later an HS valve waz again tested on Missile 75F, this
time with more emphatis on obtainizng accurate data0 Alzo, the HS valve had
been replaced by a val-ve with a deetcant --ap and improved sealing on the HS
valve idler bearing assembly0 Valvfe delay times averaged 51 MS, which was
cioas to the 42-47 MS aco-eptanoe test times obtained at Rocketdyne (see
Attachment 2). HS valve delay tamea were c.heeked on Misiles 86F and 88F in
the factory with results averaging 46 MS. HS valves on Missiles 67E and 57F,
at OSTF-l and OSTF-2, epcivyhad vvverags times of 43 MS0  Data was
collected from past firimge at Syaamore Stand S1 ('30-150 US), Edwards Rocket
Base Stand 1-4 (60-120 11S), -and Atl2antkc- Mi0saile Range (AMR) (30-110 MS). The
AMR data was recorded from zomutatsd telemetry channels.

Rocketdyne conduated engine -l'sata to detarmirne the effect of various 115 valve
delays on lbx pump ahaft deflection (6fis investigationt of Failure of Atlas

S Missile IF DuringStatic Teat- Rosketdyne Report R-3705). A lox pump was
modified so minimum 4mpeller clearance that occurred on each test could be
measured. L--Iqui-d nitrogen was used in the ---ox pump and RP-l in the fuel pump.
The pumps were rotated by ignit 'ing the spin :.harge as ln a normal engine start.
Test resul's (corrected to 7-oz temperatlurea) indicated no impeller rubbing up
to 150 MS uIS valve delay. Delays of 150 i-a 430 11S c-ould cause rubbing depending
on the amount ofA toleranve bu Ildup duiing pump assembly0  HTS valve delays
greater than 430 XIS we-ald alwaya oause some lox impeller rubbing on the wear
ring or diverter lip where minimum clearances occur (approx. 0,017 inch)0

The HS valve on the last test of Misaile IF was found to have water and scaly
rust deposits in the ;dler shaft needle bearing assembly. Rocketdyne conducted:
HS5 valve testa to detsrmi ne i1 water and gril- in an IIS valve idler bearing
cavity could effett JIS -waive opening. Liquid nitrogen was used to freeze the
water. Test results indLi ated the opening of the IIS valve would be delayed0
On one test the HS valve did not peatall.

THIS ATERIL CONAINS NFOR ATIN FECTING Tlf NATIONAL DEFENSE or THE. UNITED STATES WITHIN THE MEANING OF TI-L. ESPIONAGE LAWS. TITLE
18. U.S.C., SECTIONS 793 AND 794, IlE TRANSMISSION OR REVELATION Or WHICHI IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.
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CONCLL;>10XeS

Rocketdyne tests showed the delay in apr-ung of the auatainer lox 11S valve that
oczurred on the final test of Uis5siie A~ could be simulated by contaminating
the idler shaft bearing assembly *.-T-4i teter and gr'it similar to that found in
the Missile 1F HS va!ve idler bearig aavity. Also9 tests verified thsut the
HS valve delay time experienzed n- the last Wissile lF test would always cause
rubbing of the lox impeller and wear, ring or diverter lip. It was concluded
that the impeller rubbing on Mtsaile 1F vtarl'tad the fire and led to the
explosioa which destroyed the misasil.s

HS valves are being modifisd by Rocketddyne ECP UA3-326 which adds a desicant
plug to the HS valve idlser shaft bearing *avrity. Also, ECP UA3-3O installh
a Veon-combustible KEL-F liner in. -.he lox puimp inlet adapter and wear ring area
-to reduce the possibility of burn-ing should iubbing occur.

To insure safe lox pump oper-ationv Rsaketdyns has recommended 75 US as the
maximum all1owabl-e suatainer Lox 11S valve delay time (time between ignition
start signal and firet -valve movamn."t). 1f a longer delay is observed, the
valve operation should be investigated to determine the cause, possibly
necessitating valve replacement.

THIS MATERIAL CONTAINS mNr(IRMATION ~E UNCL /' z[I
ArETING TE N ATIONAL. Ot S Of 1!r NTDSAE IHNTEMA IN f H ESPIONAGE LAWS, TITLE18, U. S.C., SECTIONS 793 AND 794, THE TRANSMISSION OR M~ELAIO 0fWIHI N NERT NUATOIE PERSON IS PROHISITCO-Y UAW.



GENERAL. DYNAMICS/A.STRONAUTICS PAGE NO. 5

ATTACHMIENT I

SUSTAINER LOX PMINLET DUCTING !NTERFACE

GENERAL DYNAMICS/ASTRONAUTICS

376-4-022

27 November- 1962

TO: A. B. Col,. Dsept. 360-2

FROM; H., A. Hunter Devpt. 376-4

SUBJECT: Sue'tainer LO2 Puin./Inlst Ducting Interfaces.

REFERENCE: GD/AI A :-14on item N3. 6 STL Memo 610l-1855-TC-006, dated

The purpose of this memo ias to report the resulte of the two series of tests
which were conduated on the t.*ail section teslt stand concerned with interface
loads and defleo tlonz at. the sustairzer engine tvurbo pump.

The first aeriee of-L tests were pea-formed wi2th the intent of measuring theIrelative deflscti on bez'ween 41he fimpeller sha-ft and the inducer inlet housing
aa a function of --artaus applied load variablzs. The applied load variables
consisted of line preasurea. inerrz-aa, te peraturs, manufacturing tolerances
and engine gimbal angles. These gap ahanges were dstermined by mea-ns of a
Rocketdyne furnished "ap-lder transduzez" whiz:h was inserted into the inducer
housing to measure the rel.ative inovau.ent at three points around the circum-
ference of the housing. Th-E atttazhed LO 2 ustainer line was subjected tot extreme adverse positions along -wit;h maxamum external applied load in order
to obtain an ultaimate gap change in. the area of investigation (Ref eFig. 1).
The detailed teat pr-asedurs ia-rented in Memo ASA-62-0529 while the results
are shown in Report 27B'L59=L The test results indicate a maximum change in
relative defleation of .0031 inzhe2. This deflection had been recorded while
the following appl~ed load sourcess and 5ustainer line conditions were present.

1. Fuel Duct pressurized to 60 paigo
2. LO 2 'DualE presour-ized ~a62 psig.
3. Misalignment of .50" in the +rx", +"-," and -. "z" directions. (Max.).
4. 3 G inerti.a load in the +"'x" direction. (Max:)
5. 8 G ine7.tia- -_c-ad Zn the +'s4 dflraction. (Max.
6 The gimbal Kock wao adjuated .41511 in he direction and .27"

in the -"Y" direc"Wion. (Max.)
7. 30 gimbal angle in both pitch and yaw directiona. (Max.)

The resulting defl.ection of the inducesr inlet housing (.0031") is considered
very small without considexing that the applied simultaneous loadings imposeJ an extreme loading condition which is hardly realistic.

THIS MATERIAL CONTAINS INfRMTO MATINFIIEZR. SCTIOS IF ATIONAIL bEESEI" H ' EJNIT T1EMENNGO1HEEPINGELW, TITLE1,U.S. C., SET0S73AND 794, T-E TRANSMISSION OR REVELATION Of WHIICH IN ANY MANNER TO ANl UNAUTHORIZED PERSON IS PROHIBITCD BY LAW.
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It *as further anticipaied that thi! actual interface loads could be measured
in this area by meant of an inetrumented inducer inlet adaptor, therefore, a
second series of tests was initiated to accomplish this task. Strain gages
were fitted to the adaptor in order, to develop a load cell transducer that
would measure (6) interface loads to the eustainer engine turbo pump. The
test procedure for this phase of testing ia presented in Memo ASA-60-056.
As in the firast series of testai the LO2 Eustainer line was subjected to all

possile aderse Lvsitonz along w-th simultaneous maximum external loading.
Thi loading *rariables were applied separately and in increments with an attempt
to measure input from each external load contribution. This proved very un-
successful,, aince ths system displayed non-repea'tability? and non-linearity.
Hysteresis which was present in the mechanical system or sensitivity in the
transducer circuits wers su-,h that it1 resulted in non-'interpolative data.
For this reason it is impssibls to arr:-ve at a specific set of compatible
interface loads which would represent a particular missile flight condition
as is presented in Report AH6O-.0811 (Booese and Sustainer Engine Interface
Data).

Below is a last of the maximum interface loads zecorded during various phases
o f the testing, Thes loads include the zombined effec ts of the -variable
external inputs, suc-h as manufacturing talerancea, inertiza effects, engine
gimbals temiperatlure, presaure 6ad maximum adjustmenta in the gimbal block,
which constitute the same criteri-a aa when the deflection of .0031 inches
was recorded. The NAA (Rockset-dyne) furn-izhad allowable interface loads are
also shown for refserenceo -

(NAA)
Maximum Loads Maximum Loada Rocketdyne Furnished

- Xecorded Durirg:1Tzas Fwam t AESO-0811 Allowable Loads

F 70 1 b2 1018 lbs 2000 lbs

x
M411 2 .lba 4573 In ba 000 n lbs

y

1W 206 in. lbs 5098 in. !be 3000 in. lbs

The NAA allowable interface loads are ind.Acative of a simultaneous condition
whereas the recorded interfae loads are maxz~um values which occurred during
different phases of the test. A oomplete record of the test results are shown
in Reports 2?E.-1605-R and 27B-16231. The table above also presents the
maximum interfaee loads aa given t1n Rspvzrt. AE60-0811 so that a comparison
analysis can be made between the two aets of loads data. May it be pointed out
that the test results indizate values of approximately the same magnitude as

IMISMATRIA COTAIN INORMTIO A~rC f£ NT OAT. OFF~nS E 1C UNITED $TATES WITrIN Tilt MEANG OrO THE ESPIONAGE LAWS, TITLE
16- U S-C,, SECTIONS 793 ANID 794, THE TRANSMISSION OR REVELATIO r 0WHCI INANY MANRT NUATHRZDPRO-S-RHSTD1YLW
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presented in Report AEO-08119 thereforeq the loads shown in the previously
released report will be used for specific flight conditions. It is impossible
to refine these values any further than already has been accomplished in
Report AE60-08119 using the data obtained with the instrumented inducer inlet
adaptor.

Recommendations: Furthez investigation of subject area (Ref. Fig. 1) be
dropped since we are of the opinion that the system
accomplishes its intended task satisfactorily without
,jeopardizing NAA hazdware.

/a/ H. A. Hunter
Stress Group Eng. (AWS)

/a/ C. 0. Ekr0--
Chief of Stress (Aws)

THIS MATCRIAL CONTAINS ImroRMATION ArrEC j I Ay Or L. D~rNSE or THE UNITfD STATES IITIN THlE MEANING Or THlE ESPIONAGE LAWS. TITLEI. U..., SECTIONS 793 AND 794, THE TRANSMISI ON OR REVELATION or WHICH IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED OY LAW.
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ATTAHKKIA 2

SUMU l RFEAD SJPRMSION VALVE OPENiIJ TESTS

I-2165

24 Ju-ly 1962

Fr~m: Test EvaluationL

k~3e~:Sinary. sf SpaczalL Hea& Smpp~si3fron Val-ve Tesa-

Wisailas UP7, 88Fv 8SF; 578,p £L-A 577-.

jxiv ai-gati.~s a i-taied jollowimg the I reinof Missile 1F dzig Tea-UE
*Sil-C13-14-01 on 23 May 1962 xvaled an &=wway cQ===3 ope-1ig zf -th

sustalar eagize head suppressia (i)vlu DI zomdncted tests. The
oawmly 4uvmlvaI. the *tiw Jitervall Ifweaui xsmaiain±ar emilme ignii Signal
a& fi-st, 1l~icated Nowmext of the HS waiie. Rckayre ezigire aceptance
test cata izC-cateA 42 to 47 mdlse--*rnds (ks) for this time interyal. ML-3
eqg!5= firiagn Canft-tea by 63/I 4iARX~ateai tih.a geaermi Cg-sups .1 ATV&
as fol!.ws:

AT

(a) Symauore Test Stamd Sl i20 - ISO us

(1) Sy=,=re Teat StszA 52 azA 53 - so WS
US3 Test Staxid 1-4 ('5'v Eme-me)

AIR MWiit-a 30 - il0 us

*It& flight data is lbelievaed to be ths zaaat :elislbls &at -- - the fact that

35 Vsilve Positdom data is; recaraeld an C~uzzated telemetry Ckw3tfJs.

Rklrat's-y tstin was zmtite isy 25! Sycain::e q= 86F ad 88F
1= tawe fazloy aad a= alfi at OS!? I a=& 577r at OS?2 J= A.- attempt to define

llff-iexa 1ktweez 3ecketdyme am& GSAJI latla a~d U, ~Etrm!=lza itke runs ms for

1- as sirewe &firsiv 4-9em dely i LPazable =0 zas on. iclctyxe accsptance,
-= fz= UTZ, 66F 8*2 ITE amid 5-.

2. !Thi secomd set of IRS vaz-ve testa zz dMi-t-fd Q= 75F have established that
the M XV=W-dUMC Syst dSe* =5 ~~ a. tire :lag 4M Tall-e Me POust
&at&_

UNCLAMcq[FIp
ME'~ Cteii w si a.aa~t
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3. The reason for the previous S-2 and originat 75F AT anomalies has not
been determined.

Test S2-GBP-01-75 (1 June)

Investigations wire begun utilizing Missile 75F at Sycamore Test Stand 3-2.
Four tests were conducted, on this missiler two at 2,000 psig ground hydraulic
pressure and two at 3,000 psig ground hydraulic pressure (the pressure level
used in Rscketdyne testing). Instrumentation was providedto measure the
normal sustainer ignition start'signal (P1545X), voltage at the solenoid in

* the hydraulic manifold (P1124Y)q SPGG ignition signal (P1099V), opening (H1408P)
and closing (1435P) hydraulic pressure to the HS valve, and the HS valve
position (P1S29D). Alsoe measured were various additional hydraulic system
pressures and propellant utilization (PU) Talve parameters. Each of the four
tests consisted of the application of a start 3ignal to the syetemp opening
of the HS and PU valves,-opening of the gas ginerator blade valve, placing of
the HS and PU valves on control; removal of the start gignal and closing of
the valves.

Data from these tests (presented in Table I) indicated that the AT from
start signal to HS valve first movement was 80 MS and 72 MS at 29000 paig
hydraulics and 70 MS and 70 MSat 3,000 psig hydraulics. HS valve opening and
-closing pressure data indicated that the HS valve should have begun moving
approximately 32 NS prior to the first recorded movement. This was established
by comparing the recorded data with data provided by Rocketdyn*. The E*cketdyne
data showed that first movement of the HS 7a1Te cor=esponded with the initial
peak in opening pressure applied to the yah'e and simultaneourly with the low
point in clesing pressure at the valve.

It should be noted at this point that the Missile 75F AT data was not
inconsistent'with the previous test Stand S-2 data obtained during the teating
of Missiles 2E, 6E, 5E, 62E, 33F and 59?, at that farility. Howeve:, since
the as valve opening and closing pressures (meaaured fcr the first time by
GD/A at a captive site), when compared with the R-cketdyyie furnished data,
iidicated a 32 MS delay in HS valve response, it was suspected that the FX
recording system was responsible for the delay a sme unknown manner.

To determine if this was the case the .following check was made: A signal was
simultaneously inserted into two circuits in the S-2 transfer rooz. One
circuit was fed directly to an oscillograph in the blcckhouse and the other
circuit was routed through the IU system and recorded on the saxe oscillograph
as the first circuit. The difference in ti=* of the rateipt of the signal by
way of the two circuits was less than 3 MS.

An additional anomaly was observed in the data recorded duiing these 'ests.
The FM system recording of the start signal (P15451) was observed to consist-
ently lag the Easterline Angus pen (EA) reccrding of the same signal. The
values were 99 6, 122 and 10 US f*r the four tests. The reason for this

E 9S E D
U =SrtMO M SIA

==a M me 7aT0

MA j1A
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anomaly has not been dettrmined as yet; howe*&z,-evenk~ if thia lag were applied
to the HS valve first movement data the data atill dots ct ocupare with the
Rocketdyna resultii.

Fa:torZ Tests (15 & 18 June)

Since the test schedule of 75F in support :,f *Operation. Shot-"gun* precluded
the availability of the nissile for iminediati cdditi-onal testing and since it
was aonsidered desirable tWo abtai& dat-a concern-, - the ~T Iron an additional
source, factory tests were scheduled atilizing Missilesa 86F and 88? on the line*
The tests consisted of the- application o-2 a 28V DC sourze to the solenoild in
the hydraulic manifold with 2v000 paig and 3jO0O paig ground hydraulic pros-
sure in the system9 as indic ated in Table 11. lnatrumentat.iorn was provided to
record the 28V signal (Pl124V) applieatio;n and the HS valve position (P1529D)
only. The data were recorded am an- oa:tlographsi: recomder (CEC). Da-Wa- from
these tests compazed closely with the Rocketdyas aceeptanct tes-t ffigures.

Additional 75F Teats (21 June)

Sinse szhedule slippage provided the opportunity far additional testse on 75F
and since the results of the factory testa indicated the desifrability of
additional tests on th-is missile, a teat fozma+t aimilar to that. of I June was

__ established. In the time interval between I and 21 June the HS valve on this
missile had been replaced by one incorporating t- he deaicant zap on zhe idler
shaft and double shaft seals.

Instrumentation was provided at Stand S-.2 4-o rez.-rd the vormal into tr
signal (P15451). voltage at the solenoid in th* h7draulic manifold (.P!124V),
closing pressure to the HS val1Te (H1435P)j and the HS val-ve position (P1529D).

Since the FU recording eysttm was still -suapsct aa a contributing factor to
the anomalous A T, pro-iiion was made 'to record the data on a CEC recorder
located at the test stand for the first series of testi. For the next series
of tests the CEC recorder was located in the blockhouee, and an the last series
of teats data wan recorded by way of the WM system. Each aeries of 'Vests
consisted of several valve actuationa a:+ both 2,000 paig and 3;000 psig ground
hydraulic system pressure.

The results of these tesa indicated that the FU aystem did not contribute a
time lag to the recorded data.~ All AT~e agreed clabsly wi-th the Rocketdyne
acceptance test data. and the 86F and 88F data,,

The venting of HS -valve closing presaure io rel-urn was followed within 1 to 2
MS by -first valve movement on thse CEC rscordz and within 8 io 13 !(S or- the NM
recorded data. Table III presents the rZesultz ofi e-ah ser 4e of tesa.

Since the US valve had been replaced bstweaix the series of tests on t41hic
misaile, a check was made to determine if the A 'a data differenaes -were due
to an US valve position potentiometer anowaly, The resiatance of t41he patent'-
ometer on the original US valve waz asaaured and was f.ound to, be within
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specification.

-At a accumulated on this second act of 75F tobstz again - ndizatid th a- he
reoij i thef~j -giin tig&4 led -he FM - ding of it Dy from o1 S

In addition9 it was observed that the Kt re00ordinv-g of tht signal also ltd the
CEC recording except for two st-lance3. Ins cns of the 19 valve acuton.
recorded by CEC the K recording of' the star' 9signal lagged the CEC recording
by 1 MS and in one instance occurred simultaneouily with it. In the remaining
17 tests the EA recording led the CMC =ecrding by from 5 '&I 74 US.

Additional Data

Rocketdyne investigations since the deatruction of Missile lF on Test SI-613-14-01
have established-that aim HS valve opening delay in excess of 75 US could lead
to rubbing of the stationary and rotating internal partz of -wh&- lox pump. To
insure that the AT between firing signal anid first HS val-vi- mov;emel wa3 lese
than this value2 tests were tonducted on Misailea 67B (on ,26 June) ani 57F (on
29 Jun.), the next missiles scheduled for launch at OSTF 1 and 2-, respectively.

The tests were conducted using.COOO psig hydraulic pressure and provfaion Tape
=ad* to record the HS valve position and fi;ring aignal only. The data were
recorded simultaneously on a CRC recorder and the FU ayaten. The results of
thes., tests compared very well with the Rocketdyne acceptancs test data. There
were no significant differences noted between the AT@a as indicated by each
recording system. The 67B and 57F teat resaults are tabulated in Table IV.
Checks of this nature are also planned on 'the iollowing pisle rior to their
respective launch: 64N9 7F9 8F, 1OF, 13F5 14F9 16F9 21F and-8?F. In the event
that any of these tests indicate a At in excess of 75 MS9 prov! son has been
smade- to donduct tests to determine the cause.

A hot-firing-test of Missile, 75F was conducted on 3 Jul-, Test S2-601-A2-75.
The -scheduled fir"!ng duratioas were not achaieved5 hoyevtr, approximately 35
seconds of mainstage engine operation was obtained. HS val-7e data recorded on
this firing test indicated a AT between start signal and first val-ve motion
of 54 US via CEC recordifig and 60 MS via FM rtccarding. These times tcozpare
favorably with the 21 June teat results on 75F (no lox aboard missile) in
which HS valve first movement average times of 49 11S and 52 11S were recorded
an the blockhouse CEC and NM system respecatively.

Voltage at the control solfenoid (Pll26V) during this test was meaasured at
29.2 V DC and on the ignition start signal measurement (PI099V) as 29.6 VDC.
There were no voltage oscillationa or dropouts indicated by these measurements
during the firing.

Prepared by /a/ D. W. Ilea!7

Approved by /a/ H. P. Eldridger
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UNCLA.!FED
ATTACIPMENT 3

SUSTAINER LOX PUMP INLET RACO SEAL EXPLOSION TESTS -. POINT LOMA

TO: Distribution

FROM: Propulsion Design

1. Project Office request dated 25 April 1962 requested a program to investi-
gate-the cause of the RACO seal failure in Mfissile liF.

2. Test Lab request dated 8 May 1962 to perform sea! explosion test on
simulated duct filled with lox0

3. Three tests were performed at GD/A Point Loma on 9 June .20 June and
26 June 1962. Results are summarized in Test Lab Report 27B 1594-1
dated 16 October 1962* Data is tabulated in Test Lab Report 27-1601-1.

A. Test Conditions

Simulated sustainer low pressure lox duct approximately 5 ft long
with one bellows section and a sustainEr lox pump inlet Raco seal
at the explosive end. Varying amounts of Pentaerythritol Tetranitrate
(PETN) sheet explosive were placed in the Raco seal end of the duct
which was closed. The duct assembly was filled with lox. These
conditions simulated the 11F sustainer lox system with the lox pump
originating the explosion. The top of the duct-was open and used
for observation to assure being full of lox.

B. Hardware Test Results

Of three explosions detonated She one with 8 square inches x Y4
thick of PETN most nearly simulated the l1F hardware damage and data
traces0 The duct bellows section was destroyed and the Raco seal was
blown out of the seal groove0 The teflon part of tha seal was torn
into many pieces. The steel backup ring had an approximate 1 inch
piece missing.

C. Test Data Analysis

Four pressure transducers were installed for the testo One was a
direct mounted Statham 0-2000 psig with a .05 inch orificeo This
orifice was installed after the transducer was ruined on the first
test when the pressure rose past 2000 psig in one millisecond. The
other three transducers were Bourns flight type 0-1000 psia with
tubes and checkout shuttle valves simulating flight configuration
for measurements P337P9 P35!P and P967P,

The direct mounted transducer peaked X070 pzig at 3 milliseconds after
explosion start and to a maximum peak of 1165 psig at 8 millisecondso
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The P351P transducer peaked to 370 psig at 9 milliseconds after
explosion start and the P967P tranaducar peaked to 545 paig at 6
milliseconds. The P337P transducer fa4ledo The pressure decays to
20% of their peak value occurred by an arterage 18 milliseconds
after explosion zero.

This data is not comparable with 11F 21fght data as the time between
commutated data segments is 15-20 ml!iecondeo Typical 11F rise
time, between explosion zero and peak pressure is 18 milliee-onds and
decay time between peak pressure and 20% ol peak pressure is 28
milliseconds.

4. Conclusion

This test showed that with a simulated sustainer lox pump explosion9 the
pump inflet Raco seal and duct bellows would fail in a manner similar to
11F. The test data is similar in appearance to !IF data with approximately
twice as fast response. The damage to the duct bellows and Raeo sea! back-

up ring were very similar to 11F. The Haco sea! teflon insert incurred
Y only slight damage on llF, while in this test it was blown out of the duct.

Prepared by: J. Prescott
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